Abstract-Metallic mirrors are important components of optomicrofluidic systems for their good reflection properties. Their use, however, has remained challenging due to their difficult integration. We describe the integration of Indium (In) mirrors into microfluidic devices for optical detection using an approach that is fast, simple, and inexpensive.
INTRODUCTION
We describe the fabrication of indium (In) micromirrors integrated to microfluidic devices for applications of optical detection. Among the multiple examples of optical detection in microfluidic or Lab-on-a-Chip devices, those based on the measurement of absorbance are remarkable for their simple yet sensitive operation [1] . Optical detection by absorbance in microdevices suffers from the reduced dimensions of the devices, which result in reduced path lengths. Integrated micromirrors solve this problem by increasing the optical path length-through multiple reflections of the light beam-without increasing the total dimensions of the optomicrofluidic device [1, 2] . Micromirrors are also key to implementing microfluidic resonance cavities-such as in fluidic lasers [3] .
The integration of micromirrors into microfluidic devices has been approached following two main technological routes: either by (i) creating an air gap between walls with refractive index (n) higher than that of air-e.g., [2] -or by (ii) depositing a thin layer (up to a few microns) of metal on a polished surface-e.g., [3] . Reflection on dielectric materials has the advantage of allowing complete reflectance (Total Internal Reflection, TIR) for a range on incidence angles (up to the so-called critical angle, ș C ) but it is limited in that reflectance drops rapidly for incident angles below ș C -i.e., as the incident beam becomes more perpendicular to the reflective surface; e.g., ș C ~ 45° in [2] . Conversely, metals are favored in everyday mirrors because they provide high reflectance even for perpendicularly incident light-i.e., when one faces frontally a mirror and sees the own reflection. Integration of metallic mirrors to microfluidic devices is challenging, however, especially on elastomeric materials-such as the broadly used PDMS, or poly(dimethylsiloxane),-because the reflective metal layer cracks easily upon small deformations of its flexible substrate. We propose here the integration of metallic (indium) mirrors to microfluidic devices using an approach that is fast, simple, and inexpensive.
II. EXPERIMENTAL DESIGN

A. Mirrors Made of Indium
There are several benefits to the selection of indium for fabricating micromirrors integrated to microfluidic devices: x The reflectance of indium remains approximately constant for the wavelengths of interest-i.e., the visible spectrum (400 -800 nm, Figure 1 )-differently from common metals such as gold, silver, or aluminum; x The cost of indium (~$500/kg) is similar to that of silver and much lower than that of aluminum (~$2300/kg) or gold (~$30,500/kg) [4] ; and x The melting point of indium (~156°C) is much lower than most metals: 1064°C, 962°C, and 660°C for gold, silver, and aluminum, respectively. This characteristic makes it possible to form microstructures of indium simply by filling PDMS channels with molten indium [5] .
B. Microfluidic Device with Integrated Indium Mirrors
The device consists of several elements (Figure 2 ): x Microfluidic channel, which will hold the target solution, is 1.2 cm long, 900 μm wide, and 250 μm high; x Optical input and output with integrated lenses [2] , which will align incident and exiting light beams with optical fibers connected to a light source and a spectrometer, respectively; x Indium micromirrors with a parabolic shape that focuses the incident light beams while avoiding dispersion. Figure 1 . Dependence of the reflectance (R) of various metals upon the incident wavelength. For this figure we assume that the light beam travels through air (n air =1) before reaching the metal surface perpendicularly. Curves in this figure were calculated after the expression of reflectance (R= ((1-n metal ) 2 +K 2 )/( (1+n metal ) 2 +K 2 ))) and refraction indices for the metals provided in [6] . Note that metals have a complex index of refraction:
Ė metal =n metal +jK [7] . 
C. Fabrication Process
The device was fabricated by conventional soft lithography-i.e., casting PDMS on a master made of SU-8 on a silicon wafer [8] . We punched holes in the PDMS replica for the fluidic ports and bonded it to a glass slide [8] . Channels with the final shape of the mirrors were filled with molten indium with a process that has been described [5] . III. RESULTS Figure 4 describes the reflection of light on the Indium micromirror. Transmittance (T) and reflectance (R) were calculated using Snell and Fresnel equations, and are shown in Figure 4b -e. We visualized the beam reflection by filling the microchannel with a 1mM fluorescein aqueous solution. Figure 3 shows the light beam reflecting on the Indium micromirror as expected from the calculations in Figure 4 .
IV. CONCLUSIONS AND FUTURE WORK
We show here the successful fabrication of integrated micromirrors of indium compatible with standard soft lithographic fabrication techniques for microfluidics. Metallic elements were successfully integrated to the microfluidic device by applying vacuum to Indium in its molten state. After solidification the Indium micromirrors were capable to reflect the light beams as predicted by our theoretical calculations. Future progress for this study is geared towards the optimization of detection by absorption in the microscale. 
